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SUMMARY 

by V.V. Plel'nikov, 
I, A, Savenko, 
B. I. Savin,  
P. I. Shavrin 

This  paper desc r ibes  the  s p h e r i c a l  e l e c t r o s t a t i c  analyzer  
i n s t a l l e d  aboard the  s a t e l l i t e s  11Cosmos-1211 and 11Cosmos-15r1, and 

appl ied  f o r  t he  i n v e s t i g a t i o n s  of fluxes of e l e c t r o n s  and p o s i t i v e  
ions with  energy E =  1 kev. The analyeer  had the  following charac- 
t e r i s t i c s  : pass-band width AE /E - 30%, s e n s i t i v i t y  threshold  in 
t h e  assumption of i s o t r o p y  of f luxes  N 6 10 6 part./cm2 sec kev. 

The r e s u l t s  of measurements during the  f l i g h t  of 11Cosmos-12ff 

are presented. It is found t h a t  the  e x i s t i n g  fluxes of e l e c t r o n s  and 
and ions with  E = l  kev on t he  night  s i d e  of t he  Ear th  do not usually 
exceed t h e  analyzer 's  s e n s i t i v i t y  threshold ,  Cases were noted t o  t h e  
south  of New Zealand of i n t e n s i t y  inc rease  of mainly e l e c t r o n s  wi th  

energy E = 0.5- t  1 kev. Appearance of e l e c t r o n s  and ions  with energy 
E = 1 kev w a s  r e g i s t e r e d  above the P a c i f i c  Ocean. j2Zi7 * * * 

The below-described analyzer f o r  the s tudy  of e l e c t r o n  and 

p o s i t i v e  ion  f luxes  wi th  energies  E = l k e v  is an e l e c t r o s t a t i c - s p h e r i -  

c a l  type [l, 23. Analyzers of i d e n t i c a l  cons t ruc t ion  were i n s t a l l e d  on 
board of s a t e l l i t e s  11Cosmos-1211 and 11C0smos-1511. The launching times 
and t h e i r  o r b i t a l  parameters a r e  conpi led i n  t h e  Table 1 (next  page). 

- ~~~ 

* OPyll PRIPJLFNZNIYA ELEKTROSTATICHESKOGO ANALIZATQRA NA SPUTNIKE 
KOSIIOS -12 . 



TABLE 1 

Sa te l l i t e  

2. 

Apogee Perigee Period Incl .  
Launching I km 1 km I min. 1 angle 1 

of orb. 
plane 

I Cosmos-12 I 22 Dec.19621 405 1 211 I 90.45 1 65" I 
I I Cosmos-15 1 22 Apr.19631 371 I 173 I 89.77 I 65' 

The scheme f o r  measuring w e a k  c u r r e n t s  induced by the regis- 
t e r e d  f l u x e s  of e l e c t r o n s  a n d  i o n s  is descr ibed i n  [ 2 ] .  American 
r e sea rche r s  appl ied e l e c t r o s t a t i c  ana l  z e r s  aboard t h e  Explorer-XI1 
s a t e l l i t e  [3J and on Mariner-I1 probe [4], 

A P P A R A  T U  S.- In  f a c t  a s p h e r i c a l  condensor wae used 88 

t he  ana lyzer  (Fig.11, t o  the  l i n i n g  of which eymmetrical p o t e n t i a l 6  

- U / 2  
gaps of  t he  l i n i n g s ,  were de f l ec t ed  by the e l e c t r i c  f i e l d ,  h i t t i n g  

t h e  Faraday cy l inder  at analyzer output. 

and + U / 2  were fed. The  charged p a r t i c l e s ,  fly- i n t o  t h e  

The d e f l e c t i o n  angle of p a r t i c l e  t r a j e c t o r y ,  running in t h e  
gap along t h e  zero equ ipo ten t i a l ,  is of 120' without taking into 
account t he  a d d i t i o n a l  de f l ec t ion  in t he  s c a t t e r e d  f i e l d  at gap inlet 
and a t  its o u t l e t ,  which does not  exceed 2.5'. 

66 mm, t h a t  of t he  i n t e r n a l  eur face  is 54 mmb The l i n i n g s  of the  sphe- 
r ical  condensorere made of copper; they are e s p e c i a l l y  worked out  mecha- 

n i c a l l y  so as t o  aliow a decrease of the  f r a o t i o n  of charged p a r t i c l e e ,  
e l a s t i c a l l y  r e f l e c t e d  f rom the su r faces  of the  spheres,  The thus t r e a t e d  
s u r f a c e s  were then  s l ive r -p l a t ed  so as t o  diminish the  r e f l e c t i o n  of 
l i g h t  i n  the  u l t r a v i o l e t  reg ion  of the  spectrum. C53. The a n a l y z e r @ a  

spheres  a r e  s i t u a t e d  i n s i d e  a t h i n  aluminum cas ing  connected wi th  the  
s a t e l l i t e  frame. A con ica l  input diaphragm is i n s t a l l e d  on the  casing. 
The geometry of ana lyze r ' s  input and output  diaphragms w a s  chosen in 
conjunct ion w i t h  the  ca l cu la t ions  of e l e c t r o - o p t i c a l  c h a r a c t e r i s t i c s  

of a 120°- analyzer  [l]. Conical Bcreens, diminishing the effectls of 
s c a t t e r e d  f i e l d s ,  are i n s t a l l e d  d i r e c t l y  i n  f r o n t  of the  gap's i n l e t  

and a f t e r  its o u t l e t ;  these  screens  are connected with t he  frame. 

The r a d i u s  of the e x t e r n a l  sur face  of the  ope ra t iona l  gap is 
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Fig. 2 



4. 

If a f l u x  of charged p a r t i c l e s  is present  i n  the  space ou t s ide  
the  analyzer with a d i r e c t e d  i n t e n s i t y  i (E) particle/cm2 s e c ~ s t e ~ k e o ,  
the  fol lowing f l u x  N emerges from the  analyzer  

Here L (E) is  the analyzer trrinsmission; E o - A E / 2  and E0+m/2 
Ere the edges of the pass band. In order t o  es t imate  the  geometric f a c t o r  
(3 of the analyzer ,  we s h a l l  represent  the  shape of the  l i n e  L(E) of t he  

analyzer  i n  t h e  form of a t r i a n g l e  with t h e  a l t i t u d e  L ( E o )  =Lo and the 
base AE. We s h a l l  a lso s u b s t i t u t e  i ( E o )  f o r  3 (E). Then, 

Eo+AEn 

z i (Ea) G. m T  AE eo 
-n 2 Eo 2 

Nrz! i(E0) $ L(.E.)dB =i (Eo)&-  = (Eo)&--- 

and hence 

G = = f & ( E > E o  c m 2  s t e r  kev. 

According t o  the computations [I.], Lo = 0.066 ro 2 2  cm s t e r a d i a n  

f o r  t he  descr ibed analyzer ,  without t ak ing  i n t o  account t h e  shading effect 
of t h e  output  diaphragms, where ro is the  r a d i u s  of the  mean e q u i p o t e n t i a l  
i n  the  gap. Such value of L, is maximum poss ib le  (Loma) and in the  conei- 
dered analyeer  Loma = 2,4cm2 s t e s  
pass band width, computed i n  [l] a n d  determined only by p a r t i c l e  h i t t i ng  
the su r face  of t he  spheres ,  is ( AE /Eo) 
= A r /  2r0 = 0.1. The minimum value ( A E / E o I r n h ,  r e f e r r e d  t o  the  p a r t i c l e s  
e n t e r i n g  the  gap along t h e  t angen t i a l  t o  the mean e q u i p o t e n t i a l  and flying 
i n  the meridional plane,  is equal f o r  the analyzer descr ibed t o  0.08 El], 

of t h e  pass band AE/E,  
with their maximum values  on account of t h e  inf luence  of diaphragms, of 
the  f i n i t e  dimension of the c o l l e c t o r  and of p a r t i a l  shading of the  l a t te r  
by t he  g r ide ,  t h a t  is LO < Lomax and (G/Eo)mln C M/Eo C ( A E / E o ) k .  .4dmitting 

4 E  / E o  N 0,3; G - 0,i Eo c p  SCCZ, we shall o b t a i n  

a t  ro = 6cm. The maximum re lat ive 

= 6 a = 0.6, where a 9: 

For a r e a l  device,  i t  is necessary t o  take into account t h e  decrease 

and of t he  aper ture  r a t i o  of Lo by comparison 

G - 0,1 Eo c d  s t e r .  kev, 



5 .  

The ener@;y E , i n  the  pasn band mnximum f o r  the considered geo- 

metry of t he  d e f l e c t i n g  condensor io l i n k e d  with with %he po ten%ia l  d i f -  

ference on l i n i n g s  by t he  expression 

u ( v )  = 0.4EC (e%)*  

The p o t e n t i a l s  were fed t o  l i n i l ~ g s  from a high-voltage trensforner 
i n  t he  inne r  sphere by way of a high-voltage switcb (Fig. 2). The value 
of t h e  p o t e n t i a l  d i f fe rence  and its sign were subj2ct f ;cp c h m g e o w r  on 
command in f l i g h t ,  The analyzer  i n s t a l l e d  on Cosmos-12 csuld be tunad f o r  
the  r e g i s t r a t i o n  of e l ec t rons  w i t h  energ ies  %,=I key, For one of t h e  four 
p o s i t i o n s  of the  switch both spheres  were connected with t he  device(8 frame. 
To prevent  the  thermal ions of the ionosphere hitting t h e  ope ra t lona l  gap, 
t h e  analyzer  i npu t ,  i n s t a l l e d  on Cosmos-l5, WAS covsrsd by a grid, t o  

which a +12 Y p o t e n t i a l  r e l a t i v e  t o  satellite f rane  was fed,  

The Faraday cy l inder  (Fig. 1) served as p a r t i c l e  esll.ector of t h e  
analyzer ;  t h i s  cy l inder  of made of d u r a l m h  a d  fas tened  on an i s o l a t o r  

made of polished p lex ig lass .  Tne i nne r  surface of the  Faraday cyl inder  
was f inned,  so as t o  diminish the escape of secondmy eleekrons. From t he  
bottom s i d e  the  c o l l e c t o r  is surrounded by screening aaet;nllic pElrta of 
the  device. The c o l l e c t o r ’ s  inlet window is covered up by twa grfds, the 
nea res t  of which being connected with the  frme of che device, whereae 
the  fol lowing is sus t a ined  at - 20v p o t e n t i a l  r e l a t ive  to frme id order  

t o  suppress  the  secondary e iec t rons  and photoelectrons f x v m  t h e  Pwaday  

cyl inder .  The g r i d s  weaken also the capo-cftive link batween %be c o l l e c t o r  
and t h e  spheres ,  on which high voltages change p e r i o d i c a l l y  overF. The 
cur ren t  of p a r t i c l e s ,  h i t t i n g  the c o l l e c t o r ,  was measured with the  help 
of an e l e c  t romet r ie  c i r c u i t ,  applying the  princfp3.s of charge e c c m u l a t i o n  
on t h e  condensor C1 during the  time T and t h e  t r ans fo rna t ion  o f  the  value 
of accumulated charge i n t o  a nuruber of pu l se s  c21. 

P e l l i c u l a r  polyntyreoe condenrsors of 108 7tf ca,?a.cit%zcce were used 
for the  storage condensor. The r e s i s t a n c e  leakage of auch condensors is 
no l ess  than 10130hm , and the  absorptioits factor  -IOn3. 

The e l ec t rome t r i c  c i r c u i t  al lowed to mes1stEp’e cusrenta, beginning 
with - 8 a z 5 10 4 particle/’sec = Hm:in. Such a cur ren t  on 
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c o l l e c t o r  correspocded t o  i n t e n s i t y  ninimwn of the  g loba l  cur ren t  

The dynamic range of t h e  c i r c u i t  +S - 1000. The time of charge 

accumulation T ~ 1 2 0  s e c ;  i t  was determined by t h e  r e p e t i t i o n  r a t e  cf 
t h e  on-board command guidance feeding i n t o  t h e  c e l l  El (Fig, 2). The 

l a t t e r  formed a pulse  of -200 msec dura t ion  t o  Close the  dfscharge relay 
of the s torage  condensor. The c e l l  K2 w a s  stcarted by t h i s  pu lse ' s  rear 
f r o n t ,  forming i n  i ts  turn a pulse f o r  s t a r t i n g  t h e  we&-current relay, 
through the  contac ts  of which the cur ren t  w a s  f e d  t o  high-voltage switch 
winding. The pulse  f o r  the ac t ion  of t h e  swi t ch ' s  armature w a s  somewhat 

detained i n  the  induct ion windings of t he  relay 
why the  a t t r a c t i o n  of t he  armature of the switch took place when the  
s to rage  consdensor a l ready  had time t o  dischsrge i t se l f  and t h e  input  
of the  e l e c t r o n e t r i c  c i r c u i t  t o  frame w a s  closed. The high-voltage change- 
over on spheres  took p lace  during t he  r eve r se  cow6e of t h e  switch's 
armature. 

/ 

and switch,  and t h i s  is 

The high-voltage transformer,  t he  switch and t h e  e l ec t rome t r i c  
c i r c u i t  were s i t u a t e d  i n  the  ex terna l  compartment of the  device, s i t u a t e d  
on the  e x t e r i o r  sur face  of the  s a t e l l i t e .  (See Fig.1).  The scaler, the  
command c e l l s  and vol tage tranformer were disposed i n s i d e  a hermethized 
container.  During charge accunulation t h e  s ta te  of the t r i g g e r s  toge ther  
with the information on tile number of the  p o s i t i o n  of the switch were 
telemetered. In t he  presence of cur ren t  on c o l l e c t o r ,  the  s ta te  of t r ig-  
g e r s  va r i ed  immediately upon the  pass icg  of a s e r i e s  of pu l se s  from t he  
e l ec t rome t r i c  c i r c u i t .  

The alignment, the c a l i b r a t i o n  of t he  c i r c u i t  and the  p r e f l i g h t  
checking were conducted with the a i d  of a weak cur ren t ,  f e d  from c o n t r o l  

board through the c a l i b r a t i o n  nest  [2J. 

Resu l t s  of 11Cosmos-12t1,- The prel iminary r e s u l t s  of measurements 
on Cosmos-12 and Cosmos-15 w i t h  the he lp  of analyeers  were communicated 

i n  reference 
from 22 t o  30 December for the  convolutions when tbe information on the 
opera t ion  of the analyzer was avai lab le ,  a r e  p l o t t e d  i n  Fig.3, 

[ 6 ] .  The readings from Cosmos-12 analyeer  f o r  t he  per iod  
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Fig. 3 

The time i n  u n i t s  I! of 
the  i n t e r v a l  of charge 
accumulation on condensor 
C1 is p l o t t e d  along t h e  
h o r i z o n t a l  axes. 
The s o l i d  and dot ted  
l ines  of each " level"  
refer t o  one of t he  con- 
V O l U t i O I 4 S .  

For each of the convolu- 
t i o n s  the  p o t e n t i a l  dif- 
ference on etorage con- 
densor is p l o t t e d  along 
the v e r t i c a l  axis i n  m i l -  

The s e n s i t i v i t y  th re sho ld  
of the  c i r c u i t ,  of about 
l O m v ,  corresponds t o  glo- 
bal i n t e n s i t y  

f o r  the  energy +- 1 kev. 
For the  o r i e n t a t i o n  a 
s c a l e  of geographical la t i -  
tudes wm added from above 
and expressed i n  degrees. 

A t  b t e r s e c t i o n  points of 
hor i zon ta l  axes with vert l -  
ea1 Cashed l i n e s ,  
t he  s a t e l l i t e  passes  througk 
the equator  a t  n igh t  and 
day sides of the  E a r t h .  
The numbers from l e f t  In- 
d i c a t e  the date and time 
of passing the  n i g h t  equa- 
t o r  a t  t h e  given convolu- 
t ion.  C i r c l e s  r e f e r  t o  t h e  
case vrhen the  d e f l e c t i n g  
f i e l d  i n  the  analyzer  gap 
is absent ,  and crosses - 
t o  p o s i t i v e  ion  tuning, 
with oblique c ros ses  - t o  
tun ing  t o  e lec t rons .  The 
curves a r e  drawn only f o r  
percept ion s ince  t h e  expe- 
r imen ta l  po in ts  a r e  scarce.  
Heavy por t ions  of curves  
correspond to s a t e l l i t e  
pass ing  i n  E a r t h ' s  shadow. 

[Explanat i ons  3 

l i v o l t s  . 

r 4 6 010 6 part/cm2.s kev 
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a. 

When searching f o r  the t i n e s  of s a t e l l i t e  en t ry  i n t o  the  Ear th ' s  

shadow o r  ex i t  from i t ,  its t r a j e c t o r y  was pro jec t ed  on the  plane xy, 
perpendicular  t o  the  d i r e c t i o n  Earth-Sun. 

j e c t i o n  with t h a t  of t he  Ea r th ' s  surface (d is regard ing  the  atmosphere re- 
f r a c t i o n )  should give the  t imes of s a t e l l i t e  e n t r y  i n t o  t h e  Earth 's  shadow 
and its egres s  from it. 

It is evident ,  t h a t  two out of four i n t e r s e c t i o n s  of o r b i t ' s  pro- 

Calculat ions show, t h a t  during s e v e r a l  days of Cosmos-12 f l igh t  

the  l a t i t u d e  of e x i t  from shadow hardly var ied  and w a s  equal  t o  -46'. 
The geographical p o s i t i o n  of night por t ions  of the t r a j e c t o r y  for t h e  con- 
volu t ions ,  a l ready considered i n  Fig. 3, is shown i n  Fig. 4. The t h i n  s o l i d  

l i n e s  correspond t o  po r t ions  o f  t r a j e c t o r i e s ,  where the  information on 
m a l y z e r  opera t ion  w a s  ava i lab le .  The heavy dashed and s o l i d  l i n e s  along 
t h e  t r a j e c t o r y ,  and a l s o  the  numerals near i t ,  have the  same meaning a6 
i n  Fig. 3. 
brought up . For the 26th convolution ( 1 9  34 h r s )  t he  dayl ight  branch is 

From the  cons idera t ion  of both f i g u r e s  3 and 4, toge ther  with t h e  
deduction of ana lyzer ' s  normal operat ion,  we may der ive  the  fol lowing con- 
clusions.  

1.- P r i o r  t o  28 December, the  cons tan t ly  e x i s t i n g  i n t e n s i t y  of elec- 
6 t r o n s  and i o n s  with energy CY 1 kev w a s  l e s s  than 

in the  assumption of isotropy.  An i nc rease  i n t e n s i t y  ( M 10 part/cm .e kev) 
of e l e c t r o n s  and i ons  with energy -1 kev w a s  r e g i s t e r e d  by t he  analyzer  
above t h e  e q u a t o r i a l  reg ions  of the P a c i f i c  Ocean on two o r b i t s ,  28 ( 1 2 1 1 h )  
and 29 ( 0 9 1 6 h ) ,  which may possibly be r e l a t e d  t o  t h e  s o l a r  f l a r e  of f o r c e 1  
having t&en place on 24 December. 

6. 10 part/cm;! 8ec kev 
8 2 

It is i n t e r e s t i n g  t o  note a l s o  t h e  appearance of signals from ana- 

l y z e r  output  i n  the absence of the d e f l e c t i n g  f i e l d  i n  the gap on the  n igh t  

po r t ions  of o r b i t s  23 ( 1 1  37 h., 13 07 h., 14  37 h. 1, 25 (14 52 h. ), 27 (16 34h.) 
28 (0909h. ,  1 0 4 0 h . , l 5 1 2 h . ) , 2 9  (1215h.1 i n  the  v i c i n i t y  of values 10-15 
of the  lower s c a l e  of Fig.3. The reg ions  of these signals' appearance 

are grouped near  the magnetic sheath with L-1.4,  which allows t o  m a k e  
t he  assumption of r e g i s t r a t i o n  i n  t h i s  region of low-energy p a r t i c l e s ,  
connected with the ex is tence  of the inne r  r a d i a t i o n  b e l t ,  which pene t r a t e  
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9. 

t o  the  c o l l e c t o r  upon r e f l e c t i o n  from the  opera t ing  su r faces  of t he  
analyzer. However, i t  is d i f f i c u l t  t o  es t imate  t h e  energy and t h e  inten- 
s i t y  of such p a r t i c l e s ,  One may only state,  t h a t  i f  they are e lec t rons ,  

t h e i r  energy should exceed 20 ev. 

Fig, 4 

2.- Over the  daytime por t ions  of a l l  o r b i t s ,  no constant  inten- 
s i t y  l e v e l  of any kind w a s  observed f o r  e l e c t r o n s  and i o n s  with energy 
-1 kev, exceeding 6 - 10 6 particle/cm2 sec kev, However, s i g n a l s ,  s t r o n g l y  

vary ing  i n  magnitude, emerged from the  analyzer  at every passage by t h e  
s a t e l l i t e  of the  i l lumina ted  s i d e  of the Earth.  These s i g n a l s  may be indu- 

ced by photoelectrons from co l l ec to r  g r i d s  ( c ros ses )  o r  by aggregate a c t i o n  
of photoelectrons and thermal ions of the ionosphere, pene t r a t ing  through 

gaps between spheres. The shape of  t he  curves is apparent ly  l i nked  wi th  
the  cha rac t e r  of s a t e l l i t e  somersaults. 



LO . 

3.- Over neighboring o r b i t s  (convolutions) 28 (1542h. and 16 42 h) 
cases of increased  (-10 par t /  

8 
i n  t he  reg ion  t o  the  south of New Zealand 

cm2 sec kev) i n t e n s i t y  of charged p a r t i c l e s  were r eg i s t e red .  This  region 
is s i t u a t e d  i n  the  v i c i n i t y  of the southern fsochasm. 

I n  conclusion the  authors  express  t h e i r  thanks t o  V.Ha. Shiryayeva, 
and N.M. Safronova f o r  t h e i r  help i n  cons t ruc t ing  the  device,  and  also 

t o  Yu.V. Trigubov and L.A. Smirnov f o r  ad jus t ing  the device and the  pre- 

pa ra t ion  f o r  its launching. 
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